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Description 

[0001] The present invention relates to an adaptive receiving apparatus for a digital communication system and, 
more particularly, to an adaptive receiving apparatus for land and satellite digital mobile communication systems, which 

5 is capable of performing an optimum reception under multi-path fading and low SN ratio conditions. 

[0002] In a land digital mobile communication system or a satellite digital communication system using BPSK, QPSK 
or QAM modulation, it is generally necessary to perform an adaptive equalization for multi-path fading distortion in a 
receiving apparatus. Further, in the case of a mobile communication system in a city area, multi-path distortion due to 
such as reflection of buildings becomes also an subject to be equalized. For the multi-path fading distortion, it has 

10 been reported that an adaptive array is effective. For example, Clark, et al. propose utilization of an adaptive array to 
a land mobile communication as disclosed in "MMSE (Minimum Mean Square Error) Diversity Combining for Wideband 
Digital Cellular Radio", No. 404.5.1, IEEE Global Telecommunication Conference, 1990. According to this article, it is 
possible to form a null of an antenna pattern in an incident direction of multi-path waves. By applying such null, a multi- 
path wave is not received and only main wave is received and, thus, no multi-path distortion occurs. Therefore, it is 

is ideally possible to equivalent^ remove intersymbol interference due to a multi-path wave by using only an adaptive 
array, without using a conventional adaptive equalizer having a transversal filter structure. 

[0003] Fig. 1 shows a typical conventional receiving apparatus having an adaptive array which is disclosed in the 
above-mentioned article. In Fig. 1, 301 depicts N antennas, 302 N receivers, 303 N multipliers, 304 an adder, 305 a 
decision device, 306 a subtracter and 307 a LMS (Least Mean Square) operator. The construction shown in Fig. 1 is 

20 a well known adaptive array. In order to perform an adaptive control of tap coefficients in the adaptive array, an error 
signal, which is a difference between an output of the adder 304 and a reference signal, is produced first. As the 
reference signal, a known training signal or a decision data, which is an output of the decision device 305, is used. 
The LMS operator 307 updates the tap coefficients of the multipliers 303 by the complex LMS algorithm proposed by 
Widrow such that mean square value of the error signal becomes minimum. Therefore, the adaptive array shown in 

25 Fig. 1 is referred to as an LMS adaptive array and it is known that it operates as follow. 

[0004] In case where there is no multi-path propagation, the adaptive array makes the antenna pattern to an incident 
direction of a desired wave so that a receiving signal level becomes maximum. On the other hand, in a case where 
there is multi-path propagation, a multi-path wave which is in advance or delay with respect to a main wave (desired 
wave) become interference. In this case, the adaptive array makes an antenna directivity to the main wave and makes 

30 a null in the direction of the multi-path wave propagation. Therefore, it is interpreted that the article of Clark et al. 
mentioned above utilizes such properties sufficiently. CMA algorithm is also well known as well as LMS algorithm and 
is on study. This is to control an envelope level of an output of the adder 304 to a constant level and removes a multi- 
path wave by means of an adaptive array ultimately. 

[0005] In the conventional receiving apparatus mentioned above, the multi-path distortion is removed by forming null 
35 on an antenna pattern in the direction of the multi-path wave. In such case, when a delay profile due to multi-path 
propagation is further dispersed, the main wave level is considerably lowered. That is, in the adaptive array method 
for receiving only the main wave, SN ratio is inherently degraded according to the degree of multi-path dispersion. 
Therefore, the conventional receiving apparatus using a adaptive array has a drawback that it is impossible to realize 
an optimum reception in a condition where transmitted power is limited and multi-path propagation arises. Particularly, 
40 in a satellite mobile communication system which inherently has low SN ratio condition, a multi-path removing technique 
capable of improving SN ratio has been required. 

[0006] Transactions of the Institute of Electronics and Communication Engineers of Japan, Section E, Vol E75-B, 
No. 5, May 1 992, Tokyo, JP, pages 41 3 to 421 , Y. OG AWA ET AL: An Adaptive Antenna System for High-Speed Digital 
Mobile Communications, discloses an LMS adaptive array which reduces the frequency selective fading by suppressing 
45 the multi-path signals or components. 

[0007] Electronics and Communications in Japan, Part l-Communications, Vol. 74, No. 7; July 1991 , New York, US, 
pages 87 to 97, N. Kuroiwa et al.: Design of a Directional Diversity Receiver Using an Adaptive Array Antenna, discloses 
a directional diversity receiver using an adaptive array antenna which includes a direct wave branch and a delayed 
wave branch. 

so [0008] An object of the present invention is to provide an adaptive receiving apparatus using an adaptive array, which 
is capable of equivalent^ realizing both maximization of SN ratio and multi-path wave removal. 
[0009] This object is achieved with the features of the claims. 

[0010] Other objectives and benefits of the present invention will be made clear by the detailed description which 
follows and by the accompanying drawings in which: 

55 

Fig. 1 is a block diagram of a conventional adaptive receiving apparatus; 

Fig. 2 is a block diagram of an embodiment according to the present invention; 

Fig. 3 is a schematic diagram explaining the principle of the present invention; and 
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Fig. 4(a) and 4(b) are diagrams showing time-relationships between a desired wave and multi-path waves, betore 
and after processing, respectively. 

[0011] With reference to Fig. 2, an embodiment of the present invention comprises N antennas 1 , ~ t N , N receivers 
5 2 } ~ 2 N , M adaptive array arrangements 3, ~ 3 M . a delay element 4 having a delay time 2x, a delay element 5 having 
a delay time t, a combiner 6, an adaptive equalizer 7, a delay element 8 having a delay time t and a delay element 9 
having a delay time 2t. Each adaptive array arrangement includes N multipliers 10, ~ 10 N , N delay circuits 11, ~ 11 N , 
N correlators 12! - 12 N and an adder 13. The delay time t is set to a data interval T in the usual case, or set to J in 
a special case. In Fig. 2, combination of the N antennas 1, - 1 N and the N receivers 2, ~ 2 N operates as N-element 
io array antenna and each receiver receives a radio frequency signal and outputs a received signal. The received signal 
is an intermediate frequency signal or a baseband signal. The N received signals from the N receivers 2, ~ 2 N are 
branched into three sets and supplied to three independent adaptive array arrangements 3, ~ 3 M (M = 3 in this em- 
bodiment). 

[0012] The feature of the present invention is, instead of forming a null against a multi-path wave, to rake up multi- 
is path waves into a desired signal wave for maximum SN ratio. In maximum ratio combining, propagation delay times 
of the respective multi-path waves are absorbed and an effect similar to that obtained by a matched filter well known 
in the communication theory is realized by the adaptive array arrangement. Through SN ratio is maximized by the 
matched filtering, the non -distortion condition known as Nyquist criterion in a digital transmission is not satisfied. There- 
fore, the adaptive equalizer 7 shown in Fig. 2 is indispensable. The adaptive equalizer is generally constituted with an 
20 adaptive filter and classified into a linear equalizer and a non-linear equalizer, etc., each of which is equipped with the 
decision device 305 and the subtracter 306 shown in Fig. 1. That is, the adaptive equalizer is controlled such that a 
mean square value of an error signal from a decision circuit becomes minimum. A decision feedback equalizer (DFE) 
is applied as the adaptive equalizer 7. 

[0013] In the invention, it is noted that a control equivalent to the conventional MMSE control of the adaptive array 

25 is performed within the adaptive equalizer 7 in Fig. 2. As mentioned above, in order to not form the null for the multi- 
path waves by means of the adaptive arrays, the adaptive array arrangement is adaptive-controlled by using decision 
data which is an output of the adaptive equalizer 7, instead of the error signal of the decision circuit. That is, in Fig. 2, 
in order to control the first adaptive array arrangement 3 V the decision data from the adaptive equalizer 7 and the N 
received signals from the delay circuit 11-, ~ 11 N are correlated in the N correlators 12, ~ 12 N and the correlation 

30 results are multiplied with the input N received signals by the multipliers 1 0 1 ~ 10 N , respectively. In this correlation 
processing, the input received signals are delayed by n by means of the delay circuit 11 and the delay time r| is set to 
a sum of the delay time t of the delay element 5 and a delay time in the adaptive equalizer 7. The reason for using the 
delay circuit 1 1 is that the decision data delivered from the adaptive equalizer 7 is delayed by t\ from the received signal 
and so it is necessary to match the timing during the correlation processing. 

35 [0014] Then, the operation of detecting a specific multipath wave from a plurality of multi-path waves by means of 
the correlation processing in the adaptive array arrangement will be described with reference to Fig. 3. 
[0015] Fig. 3 shows a schematic diagram for explaining the principle of the present invention. This figure comprises 
antenna elements 14, - 14 N , adaptive array arrangement 15 n ~ 15 3 , delay elements 16, 17 having delay times 2t 
and x, respectively, a combiner 18 and an adaptive equalizer 19. Further, it is assumed that a main wave h 0 S(t), an 

40 advanced wave h.jSfl - x) and a delayed wave h +1 S(t + t) are fallen along directions shown by arrows, respectively, 
where h., , h 0 and h +1 are complex transmission coefficients for the respective multi-paths and coincident with discrete 
values of impulse response. In this case, a receiving signal r(t) at the antenna element 14 is expressed by the equation 
(D 

r(t) = h 0 S(t) + h #1 S(t - 1) + h +1 S(t + x) (1) 

where S(t) is a transmission data signal. In an array antenna arrangement, respective antenna elements are usually 
arranged with an interval of a half-wave length and therefore there is a constant phase difference between signals 
50 received by adjacent antenna elements. That is, the signal received by the second antenna element 14 is r(t) ■ exp (j 
<}>), the signal received by the third antenna element 14 is r(t) exp(j2 $) and similarly the signal received by the Nth 
antenna element 14 becomes r(t) • exp{j(N-1 ) It is assumed that the deicision data of the adaptive equalizer 19 is 
Sa(t + t). In a case where there is no decision error occurs, the decision data coincides with the transmission data 
and, in a case where error rate is low, it can be approximated by the equation (2). 

55 

Sa(t + x ) *= S(t + x) (2) 
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Therefore, the decision data will be represented by S(t) hereinafter. 

[0016] In Fig. 2, the second adaptive array arrangement 32 will be considered first. The second adaptive array ar- 
rangement utilizes the decision data from the delay element 8, which delays the decision data from the adaptive equal- 
izer 8 by t, for the correlation control. In this case, correlation between the decision data Sa(t) from the delay element 
8 and the received signals are calculated in the N correlators 12, - 12 N and correlation values VI represented by the 
equation (3) are output thereby, respectively. The term "correlation" here is time mean of a product of a reference signal 
and a complex conjugate of a signal against the reference signal, and the time mean is represented by E. In the second 
adaptive array arrangement, the output = V1 of the first correlator 1 2 1 is represented by the equation (3). 

VI = E[r(t)vS(t)] 
= E[{h Q S(t) + h., S(t-x) + h +1 S(t + x)}*. S(t)j 
= h 0 *E[S(tr-3(l)] + h. 1 *E[S(t-Tr- S(t)] 
+ h +1 *E[S(t + T)*. S(t)] 



where * indicates complex conjugate. The digital data signal S(t) has autocorrelation which is usually sharp and be- 
20 comes zero when time difference is more than the data interval T, as exemplified by a PN signal. That is, 

E[S(t)-. S(t)] = 1 

25 E[S(t-i)*.S(t)] = 0 



E[S(t «)•• S(t)] = 0 
and the equation (3) is represented by the equation (4). 



vi=v 



[0017] Similarly, the output = V2 of the second correlator 12 2 in the second adaptive array is represented by the 
equation (5). 

V2 = E[r(t)*expHd>)S(t)] 
= E[{h 0 S(t) + h. t S(t-x)h +1 S(t + T)K 
expH <(») • S(t)] 
= h 0 *exp(-j *) E[S(trS(t)] + h., * exp(-j 0) E[S(t-x)* 
•S(t)] + h +1 -expH(D)E[S(t + tr.S(t)] 

= h 0 * exp(-j <D) (5) 

[0018] Similarly, the output = V N of the Nth correlator 12 N of the second adaptive array arrangement is represented 
by the equation (6). 

V N = h 0 *expH(N-i)<») (6) 
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[0019] Therefore, the vector representation of the tap coefficients to be multiplied in the N multipliers 10, - 10 N in 
the second adaptive array arrangement is according to the equation (7). 



10 



15 



W2 



ho* exp(-j 0 ) 



h 0 * exp(-j (N-l) 0 } y 



(7) 



20 



where, W2 represents the vector defined by V 2 , V N . 

[0020] The tap coefficients correspond to the theoretical solution of tap coefficients of a conventional adaptive array 
arrangement when the antenna directivity of the second adaptive array arrangement shown in Fig. 3 is in the incident 
direction of the main wave h 0 S(t). The vector representation of the input signals of the respective multipliers of the 
second adaptive array arrangement is as the equation (8). 



25 



R = [r(t) r(t)exp(.j<D)...r(t)exp{j(M-1 ) +}] 



(8) 



where T of R T is transposition of vector. Accordingly, the output of the second array arrangement becomes the equation 
(9). 



30 



R W2 = N • h Q * • r(t) 
= N • {h 0 * h 0 S(t) + h 0 * h., S(t-t) + h 0 * h +1 S(t+t)} 



(9) 



35 



40 



where, h 0 *h 0 in the first term of the right side of the equation (9) is a product of complex conjugates and always a real 
number having value of h 0 2 regardless of variation of transmission coefficients due to fading. On the other hand, h 0 *h.., 
and h 0 *h +1 of the second and third terms are always vary as vector since they are not in the complex conjugate relation 
and has no correlation. That is, as the equation (9), it is equivalent to the maximum ratio combining of the N branches 
with respect to S(t). Accordingly, the output of the second array arrangement is approximated by the equation (10). 



R' W2%N.h/ S(t) 



(10) 



Therefore, the output of the adder 15a2 in Fig. 3 is represented by the equation (10). However, in this figure, it is shown 
by normalizing by N. 

[0021] Next, the correlation control of the first adaptive array arrangement 3, will be described. As shown in Fig. 2, 
for the control of this array arrangement, the decision data from the adaptive equalizer 7 is used for correlation process- 
ing without delay. Although the reference signal for correlation processing of the second array arrangement 3g is S(t) 
as described above, S(t-x) becomes the reference signal in this arrangement 3 V Therefore, the tap coefficients are 
represented by the equation (11) according to the similar calculation. 



55 
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10 



Wl 



h_ 1 *exp(-j 0) 



h_ L exp( -j(N-l) 0 ) 



(11) 



15 [0022] Since the input vector of the multipliers 10 1 - 10 N of the first array arrangement is the same as represented 
by the equation (8), the output of this arrangement is represented by the equation (12). 

R T W1 =N h/.rft) 

20 = N • (h.^o S(t) +h. 1 *h. 1 S(t-i) +h. l *h +1 S(t + x)} 

^N-h^ 2 S(M) (12) 

25 Therefore, by normalizing by N, h. t 2 S(t - x) is outputted from the adder 15a1 in the first array arrangement (Fig. 3). 
Similarly, for the third array arrangement, h +1 2 S(t+ t) is outputted from the adder 15a3 (Fig. 3). 
[0023] In Fig. 2 (Fig. 3), between the outputs of the respective adaptive array arrangement, there is the difference t 
in delay time, in the embodiment, this delay time difference x is absorbed by providing the delay elements 4 and 5 (in 
Fig. 2, the delay elements 16 and 17). That is, three waves dispersed in delay shown in Fig. 4(a) are matched in time 

30 at identical time as shown in Fig. 4(b) and(h 0 2 + h 0 2 + h +1 2 ) • S(t + x) is obtained from the combiner 6 (in Fig. 3, the 
combiner 18). This operation is equivalent to raking up a channel impulse responses by matched filtering and realizes 
maximization of SN ratio by maximal ratio combining of signal powers dispersed as shown in Fig. 4(a) at the reference 
time. Wave distortion related to signal is ultimately removed by the adaptive equalizer 7 (in Fig. 3, 19). 
[0024] As mentioned above, maximization of SN ratio is performed by utilizing multi-path waves having delay times 

35 different mutually by data interval x into the desired signal, rather than removing them. To this end, a plurality of mutually 
independent adaptive array arrangements are applied from an array antenna reception; the multi-path waves are ex- 
tracted by means of the respective adaptive array arrangements ; propagation delay difference thereof is cancelled by 
the delay elements; and the processed multi-path waves are combined at maximum ratio. Therefore, the present in- 
vention is advantageously applied to a low SN mobile satellite communication system and a land mobile communication 

40 system. 

[0025] According to the present invention, multi-path waves are also utilized as the desired signal wave by realizing 
the spatial processing by means of the adaptive array arrangement, which equivalently operates as the matched fil- 
tering. Thus, the SN ratio is maximized and, thus, communication system under low SN ratio condition and multi-path 
environment becomes realizable. 

45 



Claims 



50 



1 . An adaptive receiving apparatus comprising: 

a plurality of antenna elements (1 n , 1 2 . - 1 n) for receiving respective incident signals to produce a plurality of 
received signals; 



a plurality of adaptive array arrangements (3 A , 3 2 ,..3 M ) each for receiving said plurality of received signals and 
55 each for adding said plurality of received signals to produce an adaptive-arrayed signal (SA! , SA 2 , ... SA M ); and 

combining means (6) for combining a plurality of adaptive-arrayed signals (SA 1f SA 2 , ... SA M ) delivered from 
said plurality of adaptive array arrangements (3 1( 3 2 , ... 3 M ) to produce a combined signal, characterized by 
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first delay means (4, 5) disposed between said adaptive array arrangements (3 1f . .. 3 M ) and said combining 
means (6) to compensate a signal time difference in the adaptive-arrayed signals (S A 1 , SA 2 , . . SA M ) delivered 
from said plurality of adaptive array arrangements (3 V 3 2 , ... 3 M ), 

adaptive equalizing means (7) including a decision circuit for receiving said combined signal to produce a 
decision data signal; and 

adaptive control means (10 1 - 10 N , 11, - 11 N , 12 r 12 N ) responsive to said plurality of received signals and 
said decision data signal for controlling said plurality of adaptive array arrangements (3,, 3a, ... 3 M ) such that 
said combined signal delivered from said combining means (6) has a maximized S/N ratio. 

2. An adaptive receiving apparatus as claimed in claim 1, wherein said adaptive control means (1 0 1 -1 0 N> 11 1 *-11 N , 
12 1 -12 N ) includes 

second delay means (8, 9) receiving said decision data signal for producing a plurality of time-compensated 
decision data signals having a predetermined time difference therebetween, said plurality of time-compensated 
decision data signals being associated with said plurality of adaptive array arrangements (3,, 3 2 , ... 3 M ) re- 
spectively, 

third delay means (11 r 11 N ) coupled to each of said plurality of adaptive array arrangements (3,, 3 2 , ... 3 M ) 
for delaying said received signals to produce delayed-received signals, and 

correlator means (1 2 1 -12 N ) coupled to each of said plurality of adaptive array arrangements (3 V 3 2 , ... 3 M ) 
for calculating correlation between each of said delayed-received signals and corresponding time-compen- 
sated decision data signals to produce coefficients, and wherein 

each of said adaptive array arrangements (3 1t 3 2 , ... 3 M ) includes 

multiplier means (10 1 - 10 N ) for multiplying said received signals and corresponding coefficients to produce 
weighted signals, and 

adding means (13) for adding said weighted signals to produce said adaptive-arrayed signal. 

Patentanspruche 

1 . Adaptiver Empfanger mit 

mehreren Antennenelementen (1,, 1 2 , ...1 N ) zum Empfangen entsprechender einfallender Signale, urn mehrere 
Empfangssignale zu erzeugen, 

mehreren adaptiven Feldanordnungen (3 1( 3 2 , 3 M ) jeweils zum Empfangen der mehreren Empfangssignale 
und jeweils zum Addieren der mehreren Empfangssignale, urn ein adaptives Feldsignal (SA 1t SAg, ...SA M ) zu 
erzeugen, und 

einer Kombinationseinrichtung (6) zum Kombinieren mehrerer adaptiver Feldsignale (SA,, SA 2 , ...SA M ), die 
von den mehreren adaptiven Feldanordnungen (3 V 3 2 , 3 M ) abgegeben werden, urn ein Kombinationssignal 
zu erzeugen, gekennzeichnet durch 

eine erste Verzogerungseinrichtung (4, 5), die zwischen den adaptiven Feldanordnungen (3, , 3 2 , 3 M ) und der 
Kombinationseinrichtung (6) angeordnet ist. urn eine Signalzeitdifferenz in den adaptiven Feldsignalen (SA V 
SA 2 , ...SAm), die von den mehreren adaptiven Feldanordnungen (3 1 , 3 2 , 3 M ) abgegeben werden, zu kompen- 
sieren, 

einem adaptiven Entzerrer (7) mit einem Entscheidungsschaltkreiszum Empfangen des Kombinationssignals, 
urn ein Entscheidungsdatensignal zu erzeugen, und 

einer adaptiven Steuereinrichung (10, - 10 N , 1^ ~ 11 N , 12 1 - 12 N ), die auf die mehreren Empfangssignale 
und das Entscheidungsdatensignal anspricht, urn die mehreren adaptiven Feldanordnungen (3, , 3 2 , 3 M ) derart 
zu steuern, dafJ das von der Kombinationseinrichtung (6) abgegebene Kombinationssignal ein maximales S/ 
N-Verhaltnis hat. 

2. Adaptiver Empfanger nach Anspruch 1, wobei die adaptive Steuereinrichtung (10, ~ 10 N , 11, ~ 11 N , 12, ~ 12 N ) 
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aufweist: 

eine zweite Verzbgerungseinrichtung (8, 9), die das Entscheidungsdatensignal empfangt, um mehrere zeit- 
kompensierte Entscheidungsdatensignale zu erzeugen, zwischen denen eine vorgegebene Zeitdifferenz liegt, 
5 wobei die mehreren zeitkompensierten Entscheidungsdatensignale den mehreren adaptiven Feldanordnun- 

gen (3 V 3 2 , 3 M ) jeweils zugeordnet sind, 

eine dritte Verzdgerungseinrichtung (11, - 11 N ), die jeweils mit den mehreren adaptiven Feldanordnungen 
(3,, 3 2 , 3 M ) verbunden sind, um die Empfangssignale zu verzogern, um verzogerte Empfangssignale zu er- 
zeugen, und 

10 eine Korrelatoreinrichtung (1 2 1 - 12 N ), die jeweils mit den mehreren adaptiven Feldanordnungen (3,, 3 2 , ... 

3 M ) verbunden sind, um eine Korrelation zwischen jedem der verzogerten Empfangssignale und entsprechen- 
den zeitkompensierten Entscheidungsdatensignalen zu berechnen, um Koeffizienten zu erzeugen, und 
wobei jede der adaptiven Feldanordnungen (3,, 3^ ...3 M ) aufweist: 

eine Multipliziereinrichtung (10, - 10 N ) zum Multiplizieren der Empfangssignale und der entsprechenden Ko- 
15 effizienten, um gewichtete Signale zu erzeugen, und eine Addiereinrichtung (13) zum Addieren der gewich- 

teten Signale, um das adaptive Feldsignal zu erzeugen. 

Revendications 

20 

1. Appareil de reception adaptatif comprenant : 

plusieurs elements d'antenne (1,, 1 2 1 N ) pour recevoir des signaux incidents respectifs pour produire 

plusieurs signaux recus ; 

25 plusieurs montages de matrice adaptative (3,, 3 2 , 3 M ), chacun servant a recevoir lesdits plusieurs signaux 

recus et chacun servant a additionner lesdits plusieurs signaux recus pour produire un signal a matrice adap- 
tative (SA,, SA 2 , .... SA M ) ; et 

des moyens de melange (6) pour melanger plusieurs signaux a matrice adaptative (SA, , SA 2 , .... SA M ) delivres 

depuis lesdits plusieurs montages de matrice adaptative (3,, 3 2 3 M ) pour produire un signal me!ange\ 

30 caracteris6 par 

des premiers moyens a retard (4, 5) disposes entre lesdits montages de matrice adaptative (3 1( 3 2 , .... 3 M ) et 
lesdits moyens de combinaison (6) pour compenser une difference temporelle de signal dans les signaux a 
matrice adaptative (SA,, SA 2 , .... SA M ) delivres depuis lesdits plusieurs montages de matrice adaptative (3,, 
32. ... 3 M ), 

3$ des moyens d'egalisation adaptative (7) comprenant un circuit de decision pour recevoir iedit signal combine 

pour produire un signal de donn6es de decision ; et 

des moyens de commande adaptative (10 1 a 10 N , 11 , a 11 N , 12, a 12 N ) sensibles auxdits plusieurs signaux 
recus et audit signal de donnees de decision pour commander lesdits plusieurs montages de matrice adap- 
tative (3,, 3 2 3 M ) de sorte que Iedit signal melange d6livre depuis lesdits moyens de melange (6) a un 

40 rapport S/N maximise\ 

2. Appareil de reception adaptative selon la revendication 1 , dans lequel lesdits moyens de commande adaptative 
(10, a 10 N , 11, a 11 N , 12, a 12 N ) comprennent 

45 des deuxiemes moyens a retard (8, 9) recevant Iedit signal de donndes de decision pour produire plusieurs 

signaux de donnees de decision a temps compens6 ayant une difference temporelle predetermined entre eux, 
lesdits plusieurs signaux de donndes de decision a temps compense etant associes auxdits plusieurs mon- 
tages de matrice adaptative (3,, 3 2> .... 3 M ),respectivement, 

des troisiemes moyens a retard (11 , a 11 N ) connects a chacun desdits plusieurs montages de matrice adap- 

50 tative (3, , 3 2 3 M ) pour retarder lesdits signaux recus pour produire des signaux recus retardes, et 

des moyens formant corr6lateurs (12, a 12 N ) connects a chacun desdits plusieurs montages de matrice 
adaptative (3,, 3 2 , .... 3 M ) pour calculer une correlation entre chacun desdits signaux recus retardes et des 
signaux de donn6es de decision a temps compense correspondants pour produire des coefficients, et dans 
lequel 

55 chacun desdits montages de matrice adaptative (3,, 3 2 , .... 3 M ) comprend 

des moyens formant multiplicateurs (10, a 10 N ) pour multiplier lesdits signaux recus et des coefficients cor- 
respondants pour produire des signaux ponders, et 

des moyens d'addition (13) pour additionner lesdits signaux pondered pour produire Iedit signal a matrice 
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adaptative. 
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MS(t-r) 



hoS(t) 

h-dS(t +T ) 



Fig. 4(a) 



(h-lW+h^S^r) 



Fig.4(b) 
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